o „„,;hrtdies bv me 



5 , .^fiaed specific antibodies by means of 

T H£ manufacture ^.J^^^s of general interest. There 
oermanent tissue cultun : cell lines f * ncnt cultures of 
^present a ^^£$£*J£ have been used to 
Myeloma cells 1 -' and ' ^ w £o» of them . This, however, is 
r/vcal antibody a *""V^^^^ 

not a satisfactory source oimon jon of a numb er of 

£cificity. We describe ^ ^ ami . shecp red bloo d 
Sue culture cell l> "f J^S, ^ are made by fusion of a 
S (SRBC) ^ nt, ^ m ^ S p cen cells from an immunised 
mous, ^ c,o r^ d " n nxpre^ion and interactions of the 
donor, To unde^ar^^«P f ^ on iments between 

Jg chains from the P 8 ™"" .. wcrc carried out. 
So known mouse M from the integrated 

Each irnmunoglobulm^na^ ^ coding respectively 
expression of one of seve^ ^ Each cell expresses^ 
for its variable ^P^"^ (allelic exclusion; reviewed m 
one of the two ^"^yfproducing cells are fused, the 
ref. 3). When two M ""*J^ aie ^pressed*-*, and although 
products of both parcn£ ^^er^aTnnei are randomly 
the light and *^^J^ b Y m iof V and C sections is 
joined. ^^^X'Sned in an heterologous system 
observed*. These results owa ^ now ^ 

^^^cdbcf the sarnen^use strain. 

Chains 



|H(P1) 




H(P3) 



L(P3). 
UPD 



The protein secreted (MOFC 21)* an IgG. W^^^L. 

line were fused using «kciivc medium iHt 

con.ining 2X10" ceta «*« /^j£3»-d ^jD 
separate dishes. Four out **™ aken M independent hybrid, * 
selective medium and these ^ ™"T 1 cvcnts . The karyotyped 
lines, probably derived from smgte f^on eve^ under the^j 

of ,he hybrid cells after 5 «^™S% BW > ahows th?iS 
sum of the two parental lines lieo« / products of^Q 

Electric focusing" <JEF) P»«^° f *XtoFiS-l) «2 
dWeren. lines. The W^-J^^^&W «»3 
much more complex pa tern '^^^f^n, feature of the ^ 
mixture of the parental 1'^<™>J™ (Rg . 1, arrow.). 

new pattern is the presence of ^the result of 

?Unew bands. ho *'~- ^.^^dtaTed by the 1EF ^£ 
differences in primary sw*»^ «™ " ,° sepante the heavy 
pauern of the product, ''^^rl.ernrf chain, of the 
and light chains (F* WJ%}%£ to the sum of the IEF CO 
hybrid clones (Fig. Ji*. *J 18 w * # u ';. Mr __ tm i dooes with no i-*^., 
£uern (« and « of chain, ^^^^P^viously CO'I 
evidence of extra P^.^J^f" ^molecules n 
sh °r T' h jSr™^ attocia.^ between hea^ -tnd 
produced as a result or m * e °°~£ hi Droces » it intracellular 
Hgh. chains from the two ^™ ™" £~£ to such hybrid 
„ a mixed cell population doe not ^ must 



Fig. 1 Autoradiogrw* of tobelled Icompg 






cell? SuP«rn»au^ro« ^^^^TSS 

subclones from «?y- J 'f using 
from Hy-B F^^oxrj^ourj ujgj 

. 10* celb of each PJ^ t ~^ D ^^SeSd2 
haemaggluunaiwo ."^"^g^biteS 
virus Ssarle)- Ceto * e ^^ v =iiwly to 
equal samples J^^^^c^S^^ «>• 
selective ra^^i^J-^TdTSucoe^ 



... .k- hoekaround for the derivation and under- 
and provide *^£g hybr id lines in which one of 
standing 'f^^^Sdy-producing spleen cell. 
,h« parental «Uso jj^esof BALB/c origin were used. PIBul 
Two myeloma cd^n« d . ^ M ff<ytt 

i, resotant »o J-bromo-^ 7 ^ a lomB proleln , 
selective medium (HAT, rei. , Synthesis is not 

Adj !S- ^"rlU liS« ctato a« also secreted. The second 
balanced ^J^T^pared from W cells*, is resistant to 

n0 « groW in HAT nKd ' Um - 



' h b g « 

•sotypes ( T . and ^> ^^rfu^S r!^^ 
(idiotypes) are ~r"*£™?. ™ t to^«5«ssfoiiof both 
^"■SSST £^»nS£* by the Phetto^c 




?£6T AV AILABLE CO PY<t» 




io the ratios of the different chains and occasionally with the 
t oU r disappearance of one or other of the chains. Such events 
are best visualised on 1EF analysis of the separated chains 
(fot example, Fig. I*. in which the heavy chain of P3 is no 
lonacr observed). The important point that no new chains are 
detected by IEF complements a previous study* of a rat-mouse 
hybrid line in which scrambling of Kand C regions from the 
likhl chains of rat and mouse was not observed. In this study, 
both light chains have identical C m regions and therefore 
scrambled K L -Ct molecules would be undetected. On the other 
hand, the heavy chains are of different subclasses and we 
expect scrambled K„-C„ to be detectabte by IEF. They were 
notobserved in the clones studied and if they occur must do 
so at a lower frequency. We conclude that in syngeneic cell 
hybrids (as well as in interspecies cell hybrids) V-C integration is 
not the result of cytoplasmic events. Integration as a result of 
DNA translocation or rearrangement during transcription » 
also suggested by the presence of integrated mRNA molecules 41 
and by the existence of defective heavy chains in which a 
deletion of V and C sections seems to take place in already 

committed cells". _ J . . . 

The cell line P3-X63Ag8 described above dies when exposed 
to HAT medium. Spleen cells from an immunised mouse also 
die in growth medium. When both cells are fused by Sendai 
virus and the resulting mixture is grown in HAT medium, 
surviving clones can be observed to grow and become estab- 
lished after a few weeks. We have used SRBC as immunogen, 
which enabled us, after culturing the fused lines, to determine 
the presence of specific antibody-producing cells by a plaque 
assay technique" (Fig. 2a). The hybrid cells were cloned in 
soft agar" and clones producing antibody were easily delected 
by an overlay of SRBC and complement (Fig. 26). Individual 
clones were isolated and shown to retain their phenotype as 
almost all the clones of the derived purified line are capable of 
lysing SRBC (Fig. 2c). The clones were visible to the naked 
eye (for example. Fig. 2d). Both direct and indirect plaque 



, ^^—Jsolation of an anti-SRBC antibody- 
secreting cell clone. Activity was revealed by 
a halo of haemolysed SRBC Direct plaques 
given by: a, 6,000 hybrid cells Sp-1 ; ^ clones 
grown in soft agar from an inoculum of 2,000 
Sp-1 cells; c recloning of one of the positive 
clones Sp-1/7; <U higher mitotic* of a 
positive clone. Myeloma celta (10J P3-X67A 
gg) were fused to 10* spleen cells from an 
immunised BALB/c mouse. Mice were im- 
munised by intraperitoneal uuection ofOJ ml 
packed SRBC diluted 1 :10Tboosted •far I 
month and the spleens collected 4 d later. 
After fusion, cells (Sp-1) were grown for 8 d 
in HAT medium, changed at 1-3 d intcrvah. 
Cells were then grown m Dulbecco modified 
Eagle's medium, ^ l f^22J 0 ' 
with hypoxanthine and thymidine. Forty days 
after fusion the presence of "tWRBCacl. 
ivity was revealed as shown in «. Thc raoo of 
plaque forming cells/total number of nyDrw 
cells was 1/30. This hybrid I cell population 
was cloned in soft agar (50% ckmmg ef- 
ficiency). A modified phque assay was_iqed to 
reveal positive clones shown in b-d*% foOow*. 
When cell clones had reached a suitable toe, 
they were overlaid in sterile conditions wHh 
2 ml 0.6% agarose in phosphate^uffered 
saline containing 23 ul packed SRBC and 
02 ml fresh guinea pig serum (absorbed with 
SRBC) as source of complement. ^Jataw 
after overnight incubationat 37 *C Theratio 
of positive/total number of clones wa»l/33^A 
suitable positive done was picked out and 
grown in suspension. This done was called 
Sp-1/7, and was redoned as shown in c ; over 

90 % of the c^^r^ V^S: £X?™ 

experiment in which 10* P3- X67Af8 ecus were 
fused with 10" spleen cells was die sou rce of 
• clone giving rise to indirect plaques (dona 
Sp-2/3-3). Indirect plaques were produced by 
the addition of 1:20 sheep anti-MOPC 21 
antibody to the agarose overlay. 



assays" have been used to detect specific clones and representa- 
tive clones of both types have been characterised and studied. 

The derived lines (Sp hybrids) are hybrid cell lines forthe 
following reasons. They grow in selective medium. Thar 
karyotype after 4 months in culture (Table 1) is a little smaller 
than the sum of the two parental lines but more than twice the 
chromosome number of normal BALB/c cefla, indkatini [that 
the lines are not the result of fusion betwe en spkea cells. »i 
addition the lines contain a metacentric duotnosome also 
present in the parental P3-X67Ag8. Finally, to secreted 
immunoglobulins contain MOPC2I protein in ad dition to n ew, 
unknown components. The latter presumably represent the 
chains derived from the specific anti-SRBC antibody. Figure JA 
shows the IEF pattern of the material secreted by two sach 
Sp hybrid clones. The IEF bands derived from the P™*"** 
line are visible in the pattern of the hybrid tt ^^ h 0j£ 
obscured by the presence of a number of new »nds. The 
pattern is very complex, but the complexity of nybrTO <tf tlUS 
type is likely to result from the random rccombmatton of 
chains (see above. Fig. 1). Indeed, IEF patterns of the reduced 
material secreted by the spIeen-P3 hybrid clones gave a simpler 
pattern of Ig chains. The heavy and light chains of the F3 
parental line became prominent, and new bands were af>parerit. 

The hybrid Sp-1 gave direct plaques and this suggested that 
it produces an IgM antibody. This n confirmed in Fig. 4 which 
shows the inhibition of SRBC lysis by a specific anti-JgM 

Table 1 Number of c hromosomes in parental and hybrid ccfl lines 
Number of chromosome* per cell Mean 
66.65.65,65,65 « 
Ref.4 » 
40 

112,110.104,104.102 106 
93,90.89.89,87 *> 
97.98,96,96^4.88 95 
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mature t rut. ^ * v 

. IFF tethniquesTTusually dWt reveal 19S IgM 
in tibody. 'f* '^^fore unlikely to be present in the 
molecules IgM » «5£ io comnbut 

**^™!&^™rtJum (sample a. Fig. 3/1). 

lo! he P 3 "^^ " ^ow that cell fusion techniques are a 
The *^ V V "x™ <oecinc antibody directed against a 
werful tool to pM specie ant.bo y^ ^ ^ ^ ^ 

^determined «"'* c ^ antibodies directed 

^:: t V ing diffcrcnt cffcc - 

Ens (direct and indirect P la <™> p3 1cen hybrid ceIls seems 
The uncloned P°P U ** °" suitable detection procedures it 
quite heterogeneous Usmjr * u „„ lincs making 

Should be iwj^i"^ our studies we have 
different classes of "JSito which itldf produced an Ig. 

Variants in wh ! c ?° n ^ m on fn the case of P1-P3 hybrids 
^L^JSZ^ZToWn* in which only the specific 
(rlg-J*)- 1 *™^* expressed seems reasonably simple. 
^XTo^^, ,f myeloma lines could 

Z2tt£& initial fusion, 33/1,086 
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F*. 4 Inhibition of taenx.** ,^n?£trid^^^ 
Sheep specify sntHm^ n^^buim iMur^ 



Cones (3%) ^^^.^^ 

ably high. It i. P ossiblC '^L ^paS^U^ suc^aful in 
triggered during '™ m ^/^ |t '^ n ^ » S ««" 

hybrid clones can be injected into ^ B ' C ™^. tt it 
Slid tumours »nd scn^m ravm. ^r^C ^^ |Jfcreot 
possible to hybridise m "**£™*^toJE* culture. 

for medical and industrial use. « # • 
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M/^C LoM^ of MolecuteBiohgy. 
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